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Geochemical characteristics and oil-source correlation of the Middle-Cambrian oil seepages 
in Jianhe County, Guizhou Province 
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Abstract: Jianhe County is located in the eastern part of Southern Guizhou Depression, near the Majiang-Kaili 
paleo-reservoir. There are abundant oil seepages storing in the Middle-Cambrian Shilengshui Formation (Є2s) 
sandstone in Jianhe County. Some previous work held the point that those oil seepages were sourced from the 
Lower-Cambrian source rocks by routine biomarkers. However, there also exist the Upper-Sinian source rocks 
which are currently over-mature, and those oil seepages had suffered heavy biodegradation. In order to minimize the 
influences of biodegradation and thermal maturation, our research has applied the catalytic hydropyrolysis for 
releasing covalently bound biomarkers from the kerogen of the Upper-Sinian to Lower-Cambrian source rocks in 
Jianhe County and then compared them with source rocks and oil seepages in the Kaili-Majiang area. The biomarkers 
and n-alkanes released from oil samples and source rocks via the extraction and catalytic hydropyrolysis have been 
analyzed by GC-MS and GC-C-IRMS. Based on the experimental data and the petroleum geological settings, the 
oil-source correlations for those oil seepages were made in this study. It indicates that there existed some differences 
 494  2015 年 
 
 
Geochimica ▌ Vol. 44 ▌ No. 5 ▌ pp. 493‒504 ▌ Sept., 2015 
in the depositional environment and sedimentary parent material types among the Lower-Cambrian source rocks, the 
Upper-Sinian source rock in the Jianhe County and the Lower-Cambrian source rock in the Kaili-Majiang County. 
The Є2s oil seepage was the mixture of severe biodegraded oil and non-biodegraded oil, which originated from the 
Upper-Sinian to Lower-Cambrian source rocks. And the Upper-Sinian to Lower-Cambrian source rocks could have 
secondary hydrocarbon generation, which resulted in the phenomenon that the Є2s sandstone was charged at least 
twice. The first charge could suffer heavy biodegradation, while the other charge could suffer less biodegradation. 
Key words: oil seepage; biomarker; carbon isotopic composition; catalytic hydropyrolysis; oil-source correlation 
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???????????, ???-?????
??-??????????????????(?
1), ????????????????????
????????????-??????????
??, ?????????-??????????
????????????? [1–5], ??????
??????????????????????-
??????????????????????
?, ????????????, ???????
?????????, ????-????????
????????[6]?????????????
??????????, ???????????
???????????, ??????????
???????????????; ???? [7]?
??????????????????????
??????? , ????????????? , 
??????????????????????
??????, ???????????????
?????????, ????????????
??????????????????????, 
?????????????????????
??????????????????-????
????????, ?????, ??????, 10 
m? 30 m??, ?????? TOC???? 3.74%, 
????????[8–11], ????????-????
???????-?????, ??“A”??????
?????????????????? 
???????, ????????????
????????, ?????????????
??????????????, ???????
????, ?????????????????
???[12–16]?????????-????????
?-????????????????????, 
??????????????????????
???????????; ??????????
??????????????????????, 
????????????????????? , 
?????????????, ????????
????????????????????, ?
?????????????, ????????
????????????? 
1 ????? 
1.1 ?????? 
??????????(Oil-1)???????
?????????(Є2s)??????, ????, 
????, ?????????????????
(KT-1)???????????(KT-2)?????
??????????????(O1d)?????
??????????(S1-2wx1)????????
????, ??????????????Fang et 
al.[17]??? KT-1, KT-2????????????
???????? 
????????????????????
????(Є1j)???? JHWH-1? TOC?? 2.84%, 
Tmax ?? 488 ℃, ?????????; ????
????(Z2ds)????????(JHWH-2, JHWH-2)
? TOC ?? 3.29%?3.17%, Tmax??? 573 ℃?
578 ℃, Ro? 2.5%??[11], ??????????
??????-????????????????
??(Є1n)??????(YT-1? SW-8)? TOC??
6.81%?6.44%, Tmax???? 609 ℃?608 ℃, ??
SW-8??? Ro? 2.58%[16], ??????????
????????????, ?????????
?????(JHWH-1)?????????????
???? 1??? 
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? 1 ??????????(???[1]) 
Fig.1 Map showing locations of oil seepages (modified from He et al.[1]) 
 
表 1 样品的基本地球化学特征 
Table 1 Basic geochemical parameters of samples 
? ? ???? ?? ?? δ13C(‰) TOC (%) IH Tmax (℃) 
Oil-1 ?? Є2s ?? –31.5 - - - 
*KT-1 ?? O1d ?? –32.2    
*KT-2 ?? S1-2wx1 ?? –32.3    
JHWH-1 ?? Є1j ?? –31.5 2.84 8 488 
JHWH-2 ?? Z2ds ????? –31.2 3.29 2 573 
JHWH-3 ?? Z2ds ????? –31.3 3.17 2 578 
*YT-1 ?? Є1n ?? –34.6 6.81 2 609 
*SW-8 ?? Є1n ?? –32.5 6.44 2 608 
?: ?????*???? Fang et al.[16–17] 
 
1.2 ???? 
??????????????( ﹕ ﹕? ??
??=5﹕5﹕2)???, ????????????
?[(NH4)2MoO2S2]????????????? , 
? Mo?????? 1%; ??????; ??? 15 
MPa????? 4 L/min?????????, ??
?? 300 ℃/min?? 300 ℃, ????????? 
?; ????????, ???? 300 ℃/min ??
250 ℃, ??? 8 ℃/min ?? 520 ℃, ?? 5 min, 
???????????????? 
????????????????????
???????????, ??????????, 
??????????????????????
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?????? GC-MS?????? Trace GC Ultra
???, ?? Finnigan ??? DSQ?????, ?
? HP-1(60 m × 0.32 mm × 0.25 μm)???????
????????????????? 60 ℃, ??
2 min, ? 4 ℃/min ??????? 295 ℃, ??
30 min; ?????????????? 60 ℃, ?
? 2 min, ? 4 ℃/min ??????? 290 ℃, ?
? 25 min? 
????????????????????
Thermo ????????? -????????
(Delta XL Plus EA-IRMS), ???? 0.2‰????
????????????????? GV ???
?? Isoprime GC-C-IRMS ??????-????
???, ?????DB-1(30 m × 0.32 mm × 0.25 μm), 
????????? 80 ℃, ?? 2 min, ? 4 ℃/min? 
?????? 295 ℃, ?? 25 min, ???? 0.3‰? 
2 ??????? 
2.1 ???????????? 
????????????????????
?, ????????(? 2), ?????????
?????, ????????????????
????(? 3); ???????????, ???
???????????, ??????????
??????????(? 3)??????????
????????????, ?????????
????, ???????????, ??????
?????????????????[18–19], ?? 
 
? 2 ???????(a)?????????(b)??? TIC?? 
Fig.2 TIC of the saturated hydrocarbons of EOM (a) and hydropyrolysis (b) products of samples 
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? 3 ????? m/z 217?m/z 191?? 
Fig.3 m/z 217 and m/z 191 mass chromatograms of saturated hydrocarbons of samples 
C21–C21???; C22–C22????; C27D–C27DβαS??; C27–C27αααR??; C29–C29αααR??; TT21–C21????; TT23–C23????; 
Tet24–C24????; Ts–18α(H)C27????; Tm–17α(H)C27????; H29–C29αβ??; H30–C30αβ?? 
 
??????????????????????
[? Ts/(Ts+Tm)?C29?? ββ/(αα+ββ)?]?????
????(? 2)????????????????
???, ???????????, ??????
??????????? 
???? Z2ds??????????????
???(H-JHWH-2, H-JHWH-3)???-????
Є 1 n ?????????????? (H -YT-1 , 
H-SW-8)? C27-C29 ???????? C27ααR?
C29ααR?C28ααR ??, C27DβαS ??/C27ααR ?? 
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表 2 样品生物标志物参数 
Table 2 The biomarker parameters of the samples 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Oil-1 0.71 5.50     2.06 0.87 0.29 0.19 0.52  0.50 0.51 0.54
*KT-1 0.69  2.13  1.46  1.88     0.4 0.61 0.51 0.56
*KT-2 1.10  1.33  1.3  1.9     0.42 0.50 0.5 0.67
JHWH-1 1.17 7.35 3.96 0.47 0.78  2.75 0.65 0.42 0.27 0.31 0.53 0.60 0.48 0.44
JHWH-2 0.86 6.06 2.22 0.34 0.66 0.10 1.82 0.62 0.38 0.34 0.28 0.48 0.61 0.43 0.52
JHWH-3 0.81 6.10 2.05 0.34 0.61 0.12 1.89 0..67 0.40 0.36 0.31 0.50 0.60 0.45 0.54
H-JHWH-1 1.04 5.02 1.22 0.19 0.67 0.19 2.77 0.34 0.55 0.17 0.28 0.44 0.56 0.34  
H-JHWH-2 0.71 2.25 0.12 0.06 0.52 0.09 1.94 0.50 0.37 0.26 0.37 0.46 0.60 0.38 0.50
H-JHWH-3 0.67 2.15 0.14 0.06 0.54 0.11 1.91 0.52 0.37 0.26 0.37 0.47 0.59 0.40 0.49
*H-YT-1 0.68  0.06  0.61 0.16 1.89 0.57 0.38 0.27 0.36 0.51 0.60 0.41 0.32
*H-SW-8 0.60 1.30 0.14 0.11 0.59 0.14 1.78 0.54 0.38 0.27 0.36 0.55 0.59 0.41 0.32
?: 1–TT21/TT23; 2–TT23/Tet24; 3–TT23/H30; 4–Tet24/H30; 5–H29/H30; 6–Gam/H30; 7–C21/C22; 8–C27DβαS ??/C27ααR ??; 9–C27ααR ??/ 
(C27ααR+C28ααR+C29ααR ?? ); 10–C28ααR ?? /(C27ααR+C28ααR+C29ααR ?? ); 11–C29ααR ?? /(C27ααR+C28ααR+C29ααR ?? ); 
12–Ts/(Ts+Tm); 13–22S/(22S+22R)H31; 14–ββ/(αα+ββ)C29??; 15–20S/(20S+20R)C29?? 
 
???? 0.50~0.57??(? 3, ? 2)???????
??? Є1j ??????????????
(H-JHWH-1)????????????????
?, C27ααR??/(C27ααR+C28ααR+C29ααR??)??
0.55, ? C27DβαS ??/C27ααR ????? 0.34, ?
??? Є1j ?????????????????
????, ???????????, ? C27-C29?
????????????, ??? C27ααR ??/ 
(C27ααR+C28ααR+C29ααR ??)????[20–21], ??
??? Є1j????????????? 
????????????????????
?????(? 3, ? 2), ???? Z2ds ?????
?????????(H-JHWH-2, H-JHWH-3)??
?-???? Є1n ???????????(H-YT-1, 
H-SW-8)? H29/H30 ??? 0.52~0.61 ??? , 
TT23/H30 ?? 0.06~0.14 ??? , Tet24/H30 ??
0.06~0.11 ???, ?????, ?????? Z2ds
?????????????-???? Є1n???
???????????, ???? Є1j?????
?????? (H-JHWH-1)? H29/H30 ?? 0.67, 
TT23/H30?? 1.22, Tet24/H30?? 0.19, Gam/H30??
0.19, ??????? Z2ds????????-??
?? Є1n ??, ??????????????, 
????????????????????[22–24]
??, ???????????????????
??, ????????????????-???
????????????????, ?????
??-????????????[9,24–26]? 
???? Є1j ??(JHWH-1)?Z2ds ?????
(JHWH-2, JHWH-3)????? Є1n??(YT-1)??
???????? δ13C???–28.5‰~–33.9‰??, 
? Z2ds ?????(JHWH-2, JHWH-3)?????
???? δ13C???????????(? 4a)??
?????????????????????
δ13C???–29.1‰ ~ –30.5‰??, ??? Z2ds?
???????????????? (H-JHWH-2, 
H-JHWH-3)???????????, ??????
?? δ13C??????????? δ13C?(? 4b)??
???[27], ?????? δ13C??????????
???????????????????????
?????? Z2ds?????????????, ?
???????????????????? Z2ds
????????? δ13C ????? , ???
–31.5‰?–31.2‰; ???-???? Є1n ?????
? δ13C???, ???–34.6‰?–32.5‰ (? 1), ???
??????????????????????[11,26], 
???? Z2ds?????????????????
?????????, ???-???? Є1n????
???????????????????? 
????, ???? Z2ds ????????-
?? Є1n ??????????????????
????????, ?????????????
?????, ?????? Є1j??????, ??
???? Z2ds ?????????????-??
?? Є1n????, ???????? Є1j??, ?
???? Z2ds??????????????
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? 4 ?????(a)?????????(b)???????? δ13C? 
Fig.4  The δ13C values of individual n-alkanes in the oils, EOM (a) and hydropyrolysates (b) 
 
2.2 ??????????? 
????Є2s??(Oil-1)????????TIC
??(? 5)????????UCM??, ?????
????????[19,28]??? Oil-1 ? C27-C29??
?????? C29?????????(? 6), C27?
C28????????, ?? C29βαR ??????
??; ??????????????, ????
H29?H30??, ????????????????
C27?C28???????????, ???????
????, ?????????????????
?????, ????????????????
?????????[19,29]??? Oil-1???? m/z 
85 ?????????????????, ???
??????????????, ???????
??????????????[30]?????[6]? 
??????????????????UCM??
???????????, ??????????
????????, ?????????????
??????????????????? Oil-1
????????????? , ???? (KT-1, 
KT-2)??????? TIC??????UCM??, 
? C27?C28????????, ???? m/z 85?
??????????(? 5, ? 6), Fang et al.[17]?
??????????????????????
??, ???????????????????
????? PM 9?? 
????????????????????
?????????[19], ???????????
????????? Є2s ??(Oil-1)? TT21/TT23?
? 0.71, ????(KT-1)? TT21/TT23?? 0.69, ?
???(? 2); ???? Є2s ??????/??? 
 
? 5 ???????? TIC???????(?)??? TIC???????(?)?m/z 85???????(?) 
Fig.5 TIC of saturated (left) and aromatic hydrocarbon (middle) and m/z 85 (right) mass chromatograms of the oil seepages 
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? 6 ??????? m/z 217(?)?m/z 191(?)????? 
Fig.6 The m/z 217 (left) and m/z 191 (right) mass chromatograms of the oil seepages 
C21–C21???; C22–C22????; C29D–C29βαR????; C29–C29αααR??; TT21–C21????; TT23–C23????; H29–C29αβ??; 
H30–C30αβ?? 
 
???? 2.06, ????(KT-1?KT-2)????/?
????? 1.88?1.9, ??????(? 2); ?? 7a
??, ???? Є2s ?????????????
?? TA28S???, ????????? 
????????????????????
?, ????????????????-????
?????, ?????????????[31–32]?
???? Є2s ??(Oil-1)? δ13C ?–31.5‰, ???
?(KT-1, KT-2)? δ13C ???–32.2‰?–32.3‰, ?
?????? Є2s??(? 1)????? Є2s???
???? δ13C ????–32.1‰ ~ –33.6‰??, ?
???(KT-1)????? δ13C??–32.5‰ ~ –33.5‰?
?, ??????(? 7b)?????, ???? Є2s ?
??????????, ?????????????
???????????????????? 
2.3 ??????????????????? 
2.3.1 生物标志物参数对比 
???? Є1j ??????????????
(H-JHWH-1)????/?????? 2.77, ???
???????????????????? /?
????? 1.78~1.94 ???, ???? Є2s ??
(Oil-1)????/?????? 2.06(? 2), ????
? Z2ds???????????????????
????????? Є2s????? Z2ds????
???????? 
???? Є2s ??(Oil-1)? TT21/TT23 ??
0.71(? 2); ???? Є1j ???????????
???(H-JHWH-1)? TT21/TT23?? 1.04, Z2ds??
??????????????? (H-JHWH-2, 
 
? 7 ?????????????(a)????? δ13C?(b) 
Fig.7 The distributions of long chain triaromatic steroids (a) and The δ13C values of individual n-alkanes (b) in the oil samples 
TA26S–C26S????; TA26R+27S–C26R????+C27S????; TA28S–C28S????; TA27R–C27R????; TA28R–C28R???? 
 第 5 期 袁  方等: 贵州剑河地区中寒武统石冷水组油苗地球化学特征及来源研究 501 
 
 
YUAN Fang et al.: Geochemical characteristics and oil-source correlation of the Middle-Cambrian oil seepages in Jianhe 
 
H-JHWH-3)? TT21/TT23?? 0.71 ? 0.67(? 2), ?
?????Z2ds ???????????????
??? TT23/Tet24??? 2.25 ? 2.15(? 2), ???
???? , ? Є1j ????????????
TT23/Tet24?? 5.02(? 2), ???????????
??? Є1j ??? Z2ds ????????? Є2s ?
????? 
2.3.2 正构烷烃单体碳同位素组成特征对比 
???? Є2s??(Oil-1)? δ13C?–31.52‰, ?
???? Z2ds ??????Є1j ?? (JHWH-2, 
JHWH-3, JHWH-1)??? δ13C???(? 1); ???
?Є2s??????? δ13C???–32.1‰ ~ –33.6‰
??(? 4), ???? Є1j??(JHWH-1)? Z2ds??
???(JHWH-2, JHWH-3)??????????
δ13C???–28.5‰ ~ –33.9‰??, ???? 26?
?????? δ13C????? Є2s????(? 4a); 
???? Є1j ????????????????
??? δ13C ?–29.1‰ ~ –30.5‰??, ?????
Є2s???? 2‰~3‰??, ??????? δ13C(?
??? 23 ???)???????????(? 4b); 
? Є2s ???????????(KT-1)?????
δ13C ? Є1n ??????????????(H-YT-1)
????????????? 2‰~3‰??(? 4b)?
????????????????????, ?
?????????????????[33–34]???
???? Є2s????????????????? 
????, ???? Є2s ??????/???
???TT21/TT23?? Z2ds???????????
????, ? TT23/Tet24?? Є1j ????????
????, ??????????????? Z2ds
?????? Є1j ??, ???????????
????????? Є1j??, ?????? Є2s?
????????-??????????????
???????-??????????????
???? , ???????????????? , 
????????????????, ?????
?????????????, ?? Є2s ????
?????????? 
3 ???????????? 
??-?????????????-????
??????; ????-???????????
?????????????, ??????; ?
?????-????????????? , ??
?????? -????????? -???? , 
???????????? , ????? ; ??
?? , ??????????? , ?? -????
????????? ; ?????-??????
????????? , ????????????
????????????? [35–36], ?????
????????????????????
?????????????-????????
???????????? , ????????
?????????  
????????????????????
???????[37]; ?????????????
????????[38–39]; ???????????
? Re-Os ?????[40]; ???????????
??????????????????[41], ??
??????????????????, ???
???????, ??????????????
??????, ??-????????, ????
??????????????????????
??-???????????????? 
?????????????(? 8), ????
????-?????????(????? Z2ds ?
?)??????????(Ro ?? 0.65%), ???
????????????, ?????????
????????, ?????????????
??; ???-?????????, ??????
?, ????????, ???????????, 
????????????????, ?????
????-???????????? , ??? 4 
km??, ??????? Є1j????, ??? Є1j
?????(Tmax 488 ℃)???????, ???
??????????????????????
???????, ??????????????
????????, ?????????????
??????, ???????????????
???????????[42]??????????
??????????????????????
???????, ??????????????
??????, ???????????-????
??????????????????????
??????? 
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? 8 ????????-????????????(???[2]) 
Fig.8 History of hydrocarbon generation of Upper-Sinian to Lower Cambrian source rocks in Jianhe County (modified from Ma et al.[2]) 
 
4 ? ? 
(1) ?????????????????
???????? -????????????
???? , ????????????????
???????????? , ????? , ??
?????????????????????
????  
(2) ??????????????????
????????????, ?????????
???????????, ???????-???
??????? 
(3) ????????-??????????
???????, ??????????????
????????, ?????????????
????, ?????????????????
???? 
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室 135项目的资助(GIGCAS 135 project Y234021001)。 
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